An innovative food sector is emerging in North America and Europe: edible insects.
Introduction
The pioneer farms of the new world reared beef herds on the prairie; today the frontier in farming has shifted to high-tech climate-controlled sheds -and the livestock has six legs not four [or two] (Clegg 2015: 1) .
About 10 years ago, Professor Sir John Beddington advised the UK Government that 'by 2030 the world will need to produce 50 per cent more food and energy, together with 30 per cent more available fresh water, whilst mitigating and adapting to climate change. This threatens to create a 'perfect storm' of global events' (Wathes et al 2013: 575) . At a time of growing critiques about the sustainability of existing livestock farming systems, this narrative of a 'perfect storm' has highlighted global food security issues for politicians and scientists (Delgado et al 1999; van Huis et al 2013; Emel and Neo 2015; Lawrence 2017) . To address such environmental and nutritional challenges, an agricultural quest has begun to identify more sustainable livestock production methods and/or alternative sources of food and protein (Rumpold and Schlüter 2013; Sexton 2018) . One option, capturing much attention is edible insect farming (Dossey et al 2016a) .
At first glance, insects might seem a rather unlikely alternative food. Especially since scientists and chemical companies have expended money, time, and energy during the 20th century to develop 'biocidal agricultural compounds' (pesticides) to systematically kill insects (Rivers 2017: 363) . By the 1950s, such insecticides were so effective it contributed to an arable farming 'golden age' whereby, 'Insect pests of agriculture were being controlled, and food production was at an all-time high in terms of yield' (Rivers 2017: 366) . On the other hand, Rachel Carson's (1962) book, Silent Spring, raised serious questions about the human and environmental safety of chemicals such as DDT (dichlorodiphenyltrichloroethane) which contributed to the United States passing a new National Environmental Policy Act in 1969. This Act 'established the requirement that all chemicals be registered with the federal government before they could be used in the environment or in places where humans would be exposed' (Rivers 2017: 367) .
Once again, insects are registering on the environmental radar, this time via a burgeoning entomophagy movement: 'Edible insects are being framed as a panacea for health, resource and climate challenges' (Müller et al 2016:121) . 1 To actualise this salutary vision, insects are being experimentally and/or systematically reared and killed in farms at the vanguard of this invertebrate agricultural revolution. Whilst entomophagists actively rebrand these pesky proteinaceous creatures as bona fide food animals, they also contend farming insects is more sustainable and ethical than conventional forms of livestock production (e.g. van Huis et al 2013; House 2016) .
Consumers might perceive insect-based food products as 'more 'ethical' than conventional types of meat because of insects' perceived lack of sentience and capacity to suffer' (House, 2016: 55; Tiffin 2016; Barron and Klein 2016; Singer 2016) . As one insect eater noted, insects 'are animals, but not animals like the real animals' (House 2016: 55) . As liminal animals, insects are 'doubly other -other than humans and other than the animals that we eat as well' (Loo and Sellbach 2013:13 We still do not know enough about insect subjective experiences to do that;
and, in any case, the world is far from being ready to take such a campaign seriously. We need first to complete the extension of serious consideration to the interests of vertebrate animals, about whose capacity for suffering there is much less doubt.
From a multispecies perspective, the lesser animal status of insects warrants further investigation. Especially since it is estimated that '95%-99% of the planet's animal species are invertebrates, leading them to be called the "silent majority"' (Moore 2017: 166 (Leather 2009: 4013-14) ?
In 2009, Simon Leather first used the notion of 'institutional vertebratism' in a letter he sent to Trends in Ecology and Evolution. As an entomologist, he expressed concern about a seeming 'bias against animals without backbones' that could impact on UK food security (Leather 2009: 4013-14) . The nature of his concerns were evidenced by the reduction of entomological Degree courses in the UK and other European countries, the bias to award grants to vertebrate research, and the difficulty of publishing papers about insects in high impact conservation and ecology journals. According to Leather, this professional state of affairs has contributed to 'a dearth of invertebrate knowledge' which threatens future protection and management of food crops (Leather 2009: 413-414 and must include a warning label for crustacean or shellfish allergies for consumer safety (Shockley et al 2018: 72) .
Whilst food laws undergo clarification, financial investment in 'minilivestock' farming has been impeded. 2 The lack of expert invertebrate knowledge has further delayed the development of edible insect production (Dobermman et al 2017) . Pioneering farmers at the practical hub of these knotty productive-legislative-regulatory gaps are also grappling with such uncertainties. Although conventional farm animal workers were the 'forgotten pillar' in agricultural animal research (English et al 1992: n.p), perhaps experienced insect farmers could play an instructive role from the outset in this fledgling minilivestock sector. For example, having bred, reared and killed invertebrates on a commercial scale, the pragmatic interspecies knowledge of skilled practitioners (including entomologists) could inform, and thus hasten, the development of speciesspecific regulatory frameworks that promote the wellbeing of farmed insects in practice.
Although researchers are attending to the challenges of encouraging consumers to eat insects (e.g. Wood and Looy 2000; Looy et al 2014; Deroy et al 2015; Shelomi 2015; Verbeke 2015; Yates-Doerr 2015; House 2016 House , 2018 , less attention has been given to the practitioners who work with insects (except Halloran et al 2017 This paper begins to address these questions by drawing on preliminary profile findings (e.g. socio-demographic characteristics, lifestyle interests, and farming experience) to provide a descriptive characterisation of those involved in this emerging 'insect industry' (Buiani 2015: 109) . This qualitative data has been derived from 17 semi-structured pilot interviews with people in European and North American countries who have varying experiences of rearing feeder and/or food insects. To aid clarification, whilst food insects are suitable for human consumption, 'feeder' insects are typically fed to exotic pets, reptiles and other insectivores (Dossey et al 2016b: 118) . As will be explained later, experienced feeder farmers have not only established production templates for the mass rearing of crickets and mealworms, which is of much interest to novice farmers entering the insects-as-food market, they are also well placed to transition into and intensify the production of edible insects. Finally, insects such as black soldier fly are also being intensively produced as an alternative source of feed for farmed animals. 3 For example, from July 2017, the European Commission allowed 'insect processed animal proteins' (PAPs) in feed for aquaculture animals' (Derrien and Boccuni 2018: 474) . This development signals the continued growth of the feed market, as it paves the way for insects-as-feed for other farm animal sectors such as poultry and pigs (e.g. PROteInsect 2016).
Having clarified the differences between food, feeder and feed insects, the pilot profile data discussed in this paper will mainly focus on those involved in the feeder and food sectors. 4 Prior to presenting these profile findings and the methods of research, the next section briefly discusses entomophagy to provide a context for the recent emergence of edible insect farming. Historically, the nonhuman market for crickets originated in the United States following the end of World War II, especially when returning soldiers and other groups of people had time to engage in leisure pursuits such as fishing (Dossey et al 2016b: 117-118 reptiles and other insectivores, the market for crickets moved away from fish bait to about '80% live pet feeder insects' (Dossey et al 2016b: 118) .
Entomophagy
In 2016, this 'industry giant and established pet-feed cricket farm [i.e. Armstrong
Cricket Farm] … announced that they will be converting a small portion of their overall operation to crickets farmed for human consumption, signalling a sea change for other long-time-pet-feed insect farms' (Shockley et al 2018: 69) . As feeder farmers tweak business models and physical infrastructures to produce human-grade insects, they are well placed to capitalise on and develop this invertebrate farming sector. Moreover, because these farms have reared insects for over two generations, family members of 'first wave' farmers (as one of my North American interviewees called them) have been socialised into the requisite husbandry skills to breed and raise healthy insect populations on a mass scale. These pioneering descendants have also accrued a wealth of tacit interspecies knowledge in terms of how to work with crickets and other feeder species such as mealworms and grasshoppers. This includes creating and maintaining appropriate breeding environments for non-vertebrate animals (e.g. humidity levels, room temperatures, rearing densities and dietary/watering regimes), recognising and solving problems when they occur, and an ability to interpret species-specific behaviours in these farming contexts.
The European edible insect-farming scene is similarly built on the back of feeder insect farms. Information collated by the International Platform of Insects for Food and Feed (IPIFF), a non-profit organisation that represents the interests of 'the insect production sector towards EU policy makers, European stakeholders and citizens', shows a preponderance of small and medium-sized companies, many of which are start-ups and a few longer-term businesses (Derrien and Boccuni 2018: 475) . The farm businesses with extensive insect rearing experience for 'biocontrol purposes or the production of feed for pet food or zoo animals, [have also] decided to diversify their production activities toward food production or feed production for farmed animals' (Derrien and Boccuni 2018: 471) . Insect producers are located in most of the 28 EU Member States, although the Netherlands and France appear to be particularly active countries in terms of the amount of people involved in these sectors and/or the quantities of insects produced therein (ibid: 472). These authors also suggest this 'situation might be explained by the fact that these countries had a longer history of production of insects for … pet food or zoo animals 'niche markets''. Other EU countries with a history of farming feeder insects include 'the Czech Republic, Romania, Spain, Germany, United
Kingdom and Belgium' (ibid).
The Netherlands has also become a key ''hub'' for contemporary edible insect research including, the promotion of entomophagy (House 2018: 6) . With over 2111 edible insect species worldwide, the 'Big Four' food species commonly reared in Europe are crickets, mealworms, grasshoppers and buffalo worm (House 2018: 10) . Interestingly, a key distinction between entomophagy movements in Europe and North America is the former apparently prefers mealworms whilst the latter prefers crickets (Shockley et al 2018: 70) . Although the reason underpinning this difference is not entirely clear, the authors note that since crickets were already being commercially farmed for fish bait and pet feed this 'provided a template for the first American and Canadian farmers to easily adopt when choosing their first insect to farm' (ibid). Similarly, although the 'Big Four' were initially produced to feed exotic pets and zoo animals in EU countries, 'their production for human food simply represents a reassigning of their intended destination' (House 2018: 10) .
Since many EU producers utilise 'indoor systems' to foster 'insect growth and development' and have automated farming techniques to optimise production, it is thought that 'the European insect industry is today a world leader in terms of innovation and technological advancement' (Derrien and Boccuni 2018: 473) .
Nevertheless, 'the reliance on human labour is credited as being a primary driver in keeping insect prices high' (Dossey et al 2016b: 118) , even though feeding costs of insects is relatively low (Dobermann et al 2017: 303) . However, if farmers adopt smart and robotic technologies to streamline insect production, this will reduce labour costs to make edible insects an increasingly viable alternative for consumers (e.g.
Cecchini 2017; McCann 2018). To understand this new 'insect industry' from a less
human-centric perspective, it is useful to explore the relationship between 'insects, techno-science and sustainability culture' (Buiani 2015: 109) .
As discussed, edible insects are being framed as a sustainable solution to environmental and global food concerns. If more farmers harness new technologies to hasten the intensification of insect production this may also herald the hyper-'McDonaldization' of invertebrate farming in future years (Ritzer 2000) . If this occurs, this innovative food sector is likely to prioritize a new type of instrumental anthropocentrism that aggressively pursues insects through manipulation and re-fabrication in the name of a discoursesustainability -presented as the purpose of the harmonious coexistence between, and balance of, humans and non-humans, yet still profoundly focused on the human (Buiani 2015: 113) .
Since the 'doubly other' status of edible insects is likely to minimise people's concerns about farming and killing invertebrate animals, this might expedite the intensification of production and contribute to the unquestioned exploitation of minilivestock (Loo and Sellbach 2013:13) . If so, multitudes of farmed insects are destined to become part of the 'silent majority' (Moore 2017: 166) . These masses of invertebrate animals are also likely to encounter 'institutional vertebratism' (Leather 2009: 413-414) , because legally and politically the welfare and suffering of vertebrate livestock will take precedence over food animals without backbones. Entomophagists have actively rebranded these pesky creatures as bona fide food animals, but the extent to which this cultural makeover also elevates the moral status of insects from 'tiny automata' to productive animals remains to be seen.
Having contextualised the rise of edible insect farming in Europe and North America, the next section will summarise the methods used for this exploratory research. The final section of the paper will then discuss preliminary profile findings derived from 17 semi-structured pilot interviewees to provide a descriptive characterisation of the 'minilivestock' farmers shaping this new food animal sector.
Methodology
To the best of my knowledge, this is the first social science study to explore the emergence of edible insect farming in Europe (EU) and North America ( Since some interviewees are leading figures or industry experts within this pioneering agricultural sector, all reasonable steps have been taken to safeguard their anonymity (Saunders et al 2015) . For example, UK contacts have been subsumed under the EU to minimise identification, and pilot profile data has been aggregated in 4 of the 5 tables below. Preliminary profile findings will now be presented to provide a descriptive characterisation of those spearheading the farming of insects for food.
Descriptive characterisation of insect farmers in Europe and North America
[Insert Table 1] The profile information in Table 1 (Buiani 2015: 109) . In this case, it was mainly men in their late thirties. However, the extent to which this socio-demographic profile represents this farming sector remains to be seen. Most interviewees were also engaged in full/part-time insect-related work, and a few were self-employed. The types of insect work includes: designing insect farming technologies, consultancy, promoting entomophagy, public outreach, farming insects commercially, research/knowledge transfer and cultivating insects for non-farming contexts. The one exception keeps pet insects and works in the public sector.
I will now consider my participants' dietary preferences and leisure lifestyles. These areas were included because entomophagists and insect farmers are typically motivated by environmental and sustainability issues (e.g. 'Insectpreneurs Series').
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Given such outlooks how might this influence their dietary decisions? Moreover, since people are often introduced to eating insects when travelling or volunteering overseas was this the case for my contacts too?
[Insert Table 2] Insect enthusiasts/farmers often say they first experienced entomophagy whilst travelling abroad (e.g. Wiedemann 2014) . Similarly, this finding is evident in Table 2 . On the other hand, despite expressing concern about the sustainability of existing systems of livestock production, most interviewees continued to consume meat (i.e. 13). Whilst 3 EU contacts did not eat meat two of them noted they eat insects at home. This is an interesting finding that warrants further exploration. Although this was not the focus of my study, it has been suggested that 'Insect-based convenience foods seem better suited for the meat-reducer or 'flexitarian' market, or for environmentally-motivated vegetar-ians who do not completely rule out the consumption of some animals' (House 2016: 56) . Vegetarians who abstain 'from the consumption of animal flesh with the exception of insects and arachnids' have been called 'entotarians' (Curry 2014) . In May 2017, an online blogger called Josh Galt started experimenting with a vegan diet that includes edible insects. He calls this food practice 'entoveganism' and has outlined 'core tenents of the entovegan philosophy'. 7 The extent to which these dietary practices stimulate political and ethical debates about the 'doubly other' status of insects amongst non-insect eating vegetarians and vegans also remains to be seen (e.g. Fischer 2016 ).
Having discussed preliminary data pertaining to dietary and leisure lifestyles I will now consider interviewees' length of time and reasons for farming insects.
[Insert Table 3] Since 12 participants started rearing edible insects following the publication of the Edible Insects Report in 2013, to some extent, this shows how influential this FAO document has been. Although some interviewees no longer farm insects, their pioneering farming experiences continue to shape this emerging 'insect industry' (Buiani 2015: 109) . Moreover, despite the preliminary nature of this data and the small sample size, my NA insect farmers seem more likely than EU farmers to rear crickets than mealworms. Another difference between my EU and NA producers are the reasons for rearing insects. As indicated in Table 3 the main reasons proffered by EU interviewees is to feed exotic pets, personal consumption, supply pet shops and design insect production technology. In contrast, NA producers are primarily rearing insects to supply the insect food sector, to make profit and supply zoos. To gain a more detailed overview of the contexts, types and scales of insect rearing experiences see Table 4 .
[Insert Table 4] The majority of participants (i.e.13) reared feeder and/or food insects commercially, albeit on various scales. A few contacts had experience of rearing edible species of feeder insects on a mass scale but not to a food-grade standard. That being said, feeder farmers are well placed to transition into the insects-as-food sector as they have the necessary invertebrate husbandry knowledge to do so. In contrast, novice farmers start rearing insects in their basement or garden shed but often lack entomological knowledge about the insect species' lifecycles and environmental/dietary requirements.
This knowledge-skills gap means building up viable colonies of insects can be easier said than done. To short-circuit the pitfalls of learning by doing inexperienced farmers are contacting feeder farmers to request farm visits to see how they do it. Given this growing demand, the husbandry skills, knowledge and pragmatic experiences of feeder farmers has become highly valued and eagerly sought after; especially by 'entopreneurs' setting up insect farms, and investors scaling up this food-farming sector (Solon 2015 [Insert Table 5] As shown in Table 5 the majority of interviewees identified with the role of insect farmer, whilst 3 did not. Having considered their profiles, one wondered if 'insect farmer' was formally recognised by governing bodies for taxation purposes, one kept insects as pets, and one had yet to start rearing insects. Irrespective of the experiences of and reasons for farming insects, it is apparent from this pilot research that the perceived status of insects is ambiguous in practice. Although no participants'
classified insects as pets (including the person who regarded some of their insects as pets during their interview), 8 they were often simultaneously regarded as working animals and/or commodities and/or sentient beings, and more atypically as 'my children'. This human-animal theme was explored more fully during the semistructured interviews and will be elaborated on in future publications.
Finally, two-thirds of my contacts regard themselves as an entrepreneur; a role that has been described as 'the real pioneers' within the 'insect-based food space' (Dossey et al 2016b: 135) . Spearheading innovative research to develop new business ventures clearly requires funds. Since 'entopreneurs' are often highly educated entomophagists, who ardently believe in the environmental, nutritional and sustainable credentials of insects-as-food, such passion is likely to persuade investors of the 'transformative' nature of their farming-food visions (Dossey et al 2016b: 150) . One way of understanding the transformative potential of insect farming is the notion of 'disruptive innovation' which refers to a 'process by which a product or service takes root initially in simple applications at the bottom of a market and then relentlessly moves up market, eventually displacing established competitors' (Christensen 2018) . To date, common sources of investment have been ascertained via Angel Investors, crowdfunding sites, academic research grants, entrepreneurial competitions and philanthropists such as the Gates Foundation (Shockley et al 2018: 73; Dossey et al 2016b: 150) . 'While many industries and food trends are started by large corporations and conglomerates that see potential profits, the edible insect industry was pushed into the mainstream by startups with nothing but passion and the public's support' (Shockley et al 2018: 66) .
Conclusion
A new 'insect industry' is emerging throughout Europe and North America: edible insect farming. Contemporary entomophagy movements have partially fuelled this momentum along with 'first wave' feeder farmers transitioning into this new food market. In this highly competitive and innovative climate experienced 'minilivestock' farmers are particularly well placed to mass-produce human-grade food insects. Moreover, their tacit interspecies knowledge and pragmatic husbandry skills is also like gold dust and has become highly sought after by novice farmers and financial investors. It seems that societies typically characterised by 'institutional vertebratism' are increasingly valuing those who can address the current dearth of invertebrate knowledge, especially in practice.
The ideologically passionate, but entomologically inexperienced, 'entopreneurs' blazing a trail in this pilot study are highly educated men in their late thirties. The extent to which their impassioned visions and practices generate 'disruptive innovation' within the conventional livestock sector remains to be seen; especially given the push to increasingly automate insect production. As regulatory-legislative-productive blind spots get clarified, this may attract less ideologically motivated 'minilivestock' farmers who see an opportunity to capitalise on and exploit this new food animal resource. The rebranding of pesky invertebrates clearly heralds a futuristic and ideological vision of 'insects-as-food'. However, their diminished animal status also heralds the largely unquestioned exploitation of multitudes of farmed insects in future years. As members of the 'silent majority' increasingly register on peoples' dietary radar, an opportunity has also arisen for farmers, entomologists, consumers, animal advocates and scholars to critically reflect on, and grapple with, the political and ethical implications raised by the liminal and 'doubly other' status of farmed food insects.
